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g;@ Method of storing fruits and vegetables.
o0

N@ A storage method in which fruits and/or vegeta-
bles immediately after harvest are stored in a stor-
age chamber which maintains controlled storage at-

cmospheres having a total pressure of not lower than

Q. 400 Torr and below the atmospheric pressure (760

W Torr), an oxygen partial pressure of about 15 to
about 145 Torr, a carbon dioxide partial pressure of
about 15 to about 115 Torr, a relative humidity of not

lower than 90%, and a temperature ranging between
0and 15" C.
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METHOD OF STORING FRUITS AND VEGETABLES

BACKGROUND OF THE INVENTION

The present invention relates fo an improve-
ment in the method of storing agricultural products
such as frutis and vegetables under controlled at-
mospheres. More particularly, the present invention
is concerned with a method of storing agricultural
products in an atmosphere which has a low oxygen
level and a high carbon dioxide level and which is
slightly subatmospheric.

Storage of fruits and vegatables is very impor-
tant for enabling the supply to be adjusted in
accordance with the daily fluctuation in the demand
and for supplying consumers with such products
even after the season of harvest.

Hitherto, various storage methods have been
proposed and employed, such as controlled at-
mospheres (CA) storage method and reduced pres-
sure storage method. Briefly, the controlled at-
mospheres storage method is to store fruits and/or
vegetables in an atmosphere which is controlled to
maintain a low oxygen content and a high carbon
dioxide content, as well as a high relative humidity,
and which is held at a temperature generally rang-
ing between 0° ¢ and 15° C. More specifically, the
storage atmosphere is adjusted to have a gaseous
composition containing less than 20% of oxygen
and 1 to 10% of carbon dioxide, with the relative
himidity maintained at 80% or higher. In general,
the gaseous composition is determined to be opti-
mum for the types of the product or products to be
stored. Various methods have been proposed for
attaining the low oxygen content and high carbon
dioxide content of the storage atmosphere. One of
such methods relies upon the respiration of the
product stored in a storage chamber such that the
oxygen is consumed and carbon dioxide is gen-
erated as a result of the respiration, so as to
establish the controlled atmospheres. This method,
however, is disadvantageous in that an imprac-
tically long time is required for the establishment of
the controlled atmospheres. For instance, it takes
20 to 30 days for controlled atmospheres o be
established in a storage chamber storing apples. In
another method, the controlled‘atmospheres are
established by making use of a gas which is pro-
duced by burning propane gas. This method also
is complicated in that the burning of propane gas
requires a specific caution to eliminate any danger,
and in that an additional system has to be used for
the purpose of removing excessive carbon dioxide
in the storage chamber.

On the other hand, the reduced pressure stor-
age method, which is disclosed in Japanese Patent
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Examined Publication No. 57-4298, is intended for
long storage of agricultural products by promoting
diffusion of ethylene and reducing the partial pres-
sure of oxygen, through reducing the pressure in
the storage chamber. In order ‘o promote the diffu-
sion of ethyiene wnile reducing the oxygen partial

pressure to a level effective for the long storage of |

agricultural products, it is necessary that the tfotal
pressure in the storage chamber has to be reduced
to about 100 Torr or below. This in turn requires a
strong storage chamber designed to be highly re-
sistant to pressure. Such a chamber is generally
heavy and, therefore, is not suitable for transporta-
tion. :
Japanese Patent Unexamined Publication No.
59-88401 discloses a storage method which is a
combination of the reduced pressure storage meth-
od and the controlled atmospheres storage meth-
od.

According to this method, the pressure in the stor-
age chamber is reduced so as to lower the partial
pressure of oxygen, and a high carbon dioxide
level is established by the carbon dioxide which is
produced by the metabolism of fruits and vegeta-
bles. This method, however, suffers from the same
disadvantage as that encountered with the reduced

. pressure storage method, because the pressure in

this storage chamber is maintained between 20
and 200 Torr.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention
is to provide an improved method of storing fruits
and vegetables in an atmosphere which is con-
trolled to have a low oxygen conient and a high
carbon dioxide content and which is slightly subat-
mospheric.

To this end, according to the present invention,
there is provided a method of storing fruits and
vegetables in a storage chamber which holds an
atmosphere having a total pressure of not lower
than 400 Torr and below the atmospheric pressure
(760 Torr), preferably between 560 and 700 Torr,
an oxygen partial pressure of about 15 to 145 Torr,
a carbon dioxide partial pressure of about 15 to
115 Torr, and a relative humidity not lower than
90%. In this method, air, carbon dioxide and, as
required, nitrogen are continuously supplied into
the storage chamber and gases are exhausted
from the chamber at rates corresponding to the
rates of supply, whereby the total pressure and the
oxygen and carbon dioxide partial pressures are
maintained in the above-specified ranges.
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The above and other objects, features and ad-
vantages of the invention will become clear from
the following description of the preferred embodi-
ment when the same is read in conjunction with the
accompanying drawings. 5

BRIEF DESCRIPTION OF THE DRAWINGS

The attached sole Figure is a flow diagram of 10
an embodiment of the storage method in accor-
dance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODI- 15
MENT

in the known controlled atmospheres storage
method for storing fruits and vegetables, the inte-
rior of the storage chamber is maintained substan- 20
tially at the same level as the atmospheric pres-
sure. In contrast, the storage method of the present
invention is characterized in that the controlled
atmosphere in the storage chamber is maintained
at a pressure slightly below the atmospheric pres- 25
sure (referred to as "slightly subatmospheric pres-
sure”), particularly at a presure not lower than 400
Torr and below the atmospheric pressure (760
Torr). The use of the slightly subatmospheric pres-
sure provides an advantage that the requirement 30
for the resistance to pressure of the storage cham-
ber becomes less severe so that the storage cham-
ber can be designed to have a reduced weight,
thus facilitating the transportation. Another advan-
tage offered by the use of the subatmospheric 35
pressure is that that ethylene generated from the
fruits and vegetables can easily be expeiled from
the region around the fruits and vegetables, as
compared with the known controlled atmospheres
storage method. In the storage method of the 40
present invention, the controlled atmospheres in
the storage chamber storing fruits and vegetables,
held at the slightly subatmospheric pressure, can
be maintained by continuously supplying the stor-
age chamber with air, carbon dioxide and, as re- 45
quired, nitrogen, while exhausting the storage gas
from the chamber at a rate corresponding to the
rate of supply of the gases mentioned above.

The following Table 1 shows conditions of the
controlled atmospheres storage method and tem-  s0
peratures of the controlled atmospheres which are
considered by those skilled in the art to be appro-
priate for the purpose of storing fruits and vegeta-
bles.
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Table I Recommended CA conditions for selected fruits and vegetables
|

Commodity Temp. range CA i
i C 0, CO, }
. Apple 0 5 2 - i -2 :
! Apricot 0 -5 2 - 2 -3 f
| Cherry (sweet) 0 -5 3 - 10 10 - 12 ;

Fig 0 5 5 15

Kiwifruit 0 5 2 5
 Nectarine 0 -5 1 -2 5

Peach 0 5 1 -2 5

Pear 0 5 2 - 3 0 -1

Persimmon 0 5 3 ~-5 5 -

Plum and prune 0 5 1 -2 o -

Strawberry 0 5 10 15 - 20

Avocado 5 13 2 -5 3 ~-10

Banana 12 15 2 -5 2 -5

Grapefruit 10 15 3 - 10 5 - 10

Lemon 10 15 5 0 -5

Lime 10 15 5 0 - 10

@live 8 12 2 -5 5 - 10

Orange 5 10 10 5

Mango. 10 15 5 5

Papava 10 15 5 10

Pineapple 10 15 5 10

Artichokes 0 5 - 2 - 3 3 -5

Asparagus 0 5 air 5 - 10

Beans, snap 5 10 2 - 3 5 - 10 }

Broccoli 0 3 1 -2 5 - 10 I

Brussels sprouts 0 5 1-2 5 -7 ;

Cabbace 0 3 3 -5 5 -7 !

Cantaloupes 3 7 3 -5 10 - 15

Cauliflower o 5 2 -5 2 -5

Celery 0 5 2 - 4 0

Corn, sweet 0 5 2 - 4 10 - 20

Cucumbers 8 12 3 -5 0

Honeyvdews 10 12 3 -5 0

Leeks 0 5 l1-2 3 -5

Lettuce 0 5 2 -5 0

Mushroomns 0 air 10 - 15

Onions, green 0 I-2 10 - 20

Peppers, bell 8 12 3 -5 0

Peppers, chili 8 12 3 -5 0

Spinach 0 5 air 10 - 20

Tomatoes, partially-ripe 8 12 3 -5 0
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As will be understood from Table 1 above, the
gaseous compositions of the controlled at-
mospheres are preferably changed in accordance
with the kinds of the fruits and vegetables to be
stored. The method of the present invention makes
it possible to establish, without requiring any spe-
cific device such as a gas burning system, the
controlied atmospheres which are optimum for the
storage of desired fruits and vegetables and which
essentially have low oxygen level and high carbon
dioxide level, by continuously supplying the stor-
age chamber with air, carbon dioxide and, as de-
sired, nitrogen, while exhausting the storage gas
from the chamber at a rate corresponding to the
rate of supply. For instance, when the storage
chamber is designed to withstand a reduced inter-
nal pressure of 400 Torr, the internal pressure of
the storage chamber is first reduced to 400 Torr
and then carbon dioxide is introduced into the
chamber to raise the internal pressure up to 450
Torr, so that controlled atmospheres having an
oxygen content of about 19% and a carbon dioxide
content of about 11% are established within the
storage chamber. The initial air in the storage
chamber may be partially substituted by nitrogen.
By suitably selecting the proportion of the air to be
substituted and the amount of carbon dioxide to be
charged into the storage chamber, it is possible to
obtain any desired carbon dioxide content and oxy-
gen content of the controlled atmospheres within
the storage chamber. Once the desired gaseous
composition is obtained within the storage cham-
ber, gases from an exiernal air supply source,
carbon dioxide supply source and the nitrogen
supply source are mixed to form a gaseous mixture
of the same composition as that of the at-
mospheres established in the storage chamber,
and the thus formed gaseous mixture is continu-
ously supplied into the storage chamber while the
storage gas is continuously exhausted from the
storage chamber at a rate corresponding to the
rate of supply of the gaseous mixture.

Referring to the sole Figure attached to the
specification, a plurality of storage chambers 43a,
43b, ..., 43n are connected to a common vacuum
pump 47 through pressure regulating valves 45a,
45b,..., 45n, respectively. The storage chambers
43a, 43b, ..., 43n also are connected to a common
atmosphere gas supply source 11 through respec-
tive gas-compositiorvpressure regulating means
21a, 21b,...21n. The atmosphere gas supply
source 11 is composed of an air supply source 13,
a carbon dioxide supply source 15 and, as desired,
a nitrogen supply source 17, so that air, carbon
dioxide and, as desired, nitrogen are supplied to
each of the gas-composition/pressure regulating
means 21g, 21b,...,.21n.
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The gas-composition/pressure reguiating
means 21a is composed of an air pressure control-
ler 23a, an air flow rate controller 25b, a carbon
dioxide pressure controller 27a, a carbon dioxide
flow rate controller 29a, a nitrogen pressure con-
troller 31a, a nitrogen flow rate controller 33a, and
a humidity controller 35a, which cooperate in realiz-
ing desired composition and pressure of the gas-
eous mixture of oxygen, carbon dioxide and nitro-
gen. The thus formed gaseous mixture having the
desired composition and pressure is introduced
into the storage chamber 43a after humidification
performed by the humidity controller 35a. The wa-
ter or moisture content to be supplied into the
storage chamber is controllable by adjusting the
opening degree of the valve 37a provided in a by-
pass. According to another method of humidifica-
tion, vapor is generated by a supersonic oscillator
and the thus generated water vapor is made fo
accompany the gaseous mixture. it will be clear to
those skilled in the art that the compositions, as
well as levels of pressure and humidity of the
gaseous mixtures to be fed to the other storage
chambers 43b....,43n can be controlled in the same
manner as that described above, by means of the
respective  gas-composition/pressure  regulating
means 21b,..,.21n.

A description will be made hereinunder as tc a
practical case in which controlled atmosphere of
the desired conditions is maintained in the storage
chamber 43a by using air and carbon dioxide sup-
ply sources. As the first step, the storage chamber
43a is evacuated by a vacuum pump 47 until the
internal pressure comes down to 400 Torr, and
then carbon dioxide is introduced inio the storage
chamber until the internal pressure is raised to 450
Torr. In consequence, an oxygen partial pressure
of 0.21 x 400 Torr and a carbon dioxide partial
pressure of 50 Torr are established in the storage
chamber 43a. Thus, conirolled storage at-
mospheres having an oxygen content of about
18.6% and a carbon dioxide content of about 11%
are established within the storage chamber. There-
after, a gaseous mixture having a pressure of 450
Torr and an oxygen content of about 18.6% and
carbon dioxide content of about 11% is formed by
suitably operating the pressure gegulator 23a and
flow rate regulator 25b for air and the presure
regulator 27a and flow rate regulator 29a for carbon
dioxide. The thus formed gaseous mixture is con-
tinuously supplied into the storage chamber 43a
while the gas in this storage chamber is continu-
ously exhausted by the vacuum pump 47 at the
rate corresponding to the rate of supply of the
gaseous mixture. In consequence, controlled at-
mospheres of a total pressure of 450 Torr and
having an oxygen content of about 18.6% and a
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carbon dioxide content of about 11% are always
maintained within the storage chamber 43a.

When the storage chamber 43a is designed to
have a proof pressure corresponding to an internal
pressure of 400 Torr, while a demand exists for
maintaining a total pressure of 450 Torr within the
storage chamber, it is not allowed to reduce the
oxygen content to a level below about 18.6% and
to increase the carbon dioxide content o a level
above about 11%. A further reduction in the oxy-
gen content or a further increase in the carbon
dioxide content, however, can be effected without
substantial difficulty, by using nitrogen in addition
to air and carbon dioxide. For instance, the process
of establishing the controlled storage atmospheres
may be modified as follows. As the first step, half
the amount of air initially residing in the storage
chamber 43a is substituted by nitrogen, and then
the interior of the storage chamber 43a is evacu-
ated by the vacuum pump 47 until the internal
pressure comes down to 400 Torr, followed by
introduction of carbon dioxide into the chamber
until the total pressure in the storage chamber is
increased to 450 Torr. With this method, it is possi-
ble to establish conirolled storage atmospheres
having an oxygen content of about 9% and a
carbon dioxide content of about 11% within the
storage chamber 43a. Once this condition is estab-
lished in the storage chamber 43a, a gaseous
mixture having a pressure of 450 Torr and having
an oxygen content of about 9% and a carbon
dioxide content of about 11% is formed through a
suitable control of the pressures and flow raties of
air, carbon dioxide and nitrogen, in the same man-
ner as that described before, and the thus formed
gaseous mixture is continuously supplied into the
storage chamber 43a while the storage gas is ex-
hausted by the vacuum pump 47 from the storage
chamber 43a at a rate corresponding to the rate of
supply, whereby controlled storage atmospheres
having a total pressure of 450 Torr and oxygen and
carbon dioxide contents of about 9% and about
119%, respectively, are maintained within the stor-
age chamber 43a. In an alternative, the total pres-
sure is reduced to 450 Torr, instead of 400 Torr,
and a gaseous mixture adjusted to have a desired
composition is supplied into the storage chamber
while the slorage gas is exhausted by the vacuum
pump from the storage chamber at a rate cor-
responding to the rate of supply of the gaseous
mixture. It will be apparent to those skilled in the
art that this alternative offers the same advantage
as those derived from the described embodiment.

It wili also be clear to those skilled in the art
that optimally controlled storage atmospheres of
slightly subatmospheric pressure may be estab-
lished and maintained within the respective storage
chambers 43b to 43n, according to the exactly
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same procedure employed in the case of the stor-
age chamber 43a. In illustrated example, each of
the storage chambers has its own gas
composition/pressure regulating means
21a,21b,..21n and cooler 51a,51b....51n, so that
the compositions, pressures and temperatures of
the storage atmospheres in the respective storage
chambers can be optimized for the types and de-
grees of maturing of products such as fruits and

vegetables stored therein, independently of the

conditions of other storage chambers.

As will be understood from the foregoing de-
scription, the method of the present invention offers
the following advantages.

Firstly, the method of the invention enables a
prompt expelling of etylene from the region around
the stored products as compared with conventional
controlled atmospheres storing method under at-
mospheric pressure, by virtue of the employment
of slightly subatmospheric  conirolled  at-
mospheres,without impairing the advantages of the
controlled atmospheres storage method. In addi-
tion, the storage chamber is required to withstand
only a small force which corresponds to the dif-
ference between the atmospheric pressure and the
internal pressure which is not lower than about 400
Torr, so that the requirement for the mechanical
strength of the storage chamber becomes less
severe. This makes it possible to apply the storage
method of the invention not only to stationary stor-
age chambers but also to mobile storage chambers
which are intended for transportation of the pro-
ducts. It is also to be pointed out that the storage
method of the present invention can be used for
the purpose of storage of various foods other than
agricultural products such as meats, fishes, grains,
as well as storage of flowers and buibs.

Claims

1. A method of storing fruits and/or vegetables
immediately after harvest within a storage chamber
which maintains controlled atmospheres, said
method characterized in that the controlled at-
mospheres maintained in said storage chamber
have a total pressure not lower than 400 Torr and
below the atmospheric pressure (760 Torr), an oxy-
gen partial pressure of about 15 to about 145 Torr,
a carbon dioxide partial pressure of about 15 to
about 115 Torr, a relative humidity not lower than
90%, and a temperature of about 0 fo 15°C.

2. A method according to Claim 1, wherein air
and carbon dioxide from exiernal sources are
mixed under controlled pressure and flow rates to
prepare a gaseous mixiure having the same pres-
sure and the same oxygen and carbon dioxide
contents as said controlled atmospheres in said

s
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storage chamber, and said gaseous mixture is con-
tinuously supplied into said 'storage chamber while
the gas balanced with the rate of supply of said
gaseous mixture is exhausted from said storage
chamber.

3. A method according to Claim 1, wherein air,
carbon dioxide and nitrogen from external sources
are mixed under controlled pressure and flow rates
to prepare a gaseous mixiure having the same
pressure and the same oxygen and carbon dioxide
contents as said conirolled atmospheres in said
storage chamber, and said gaseous mixture is con-
tinuously supplied into said storage chamber while
the gas balanced with the rate of supply of said
gaseous mixture is exhausted from said storage
chamber.

4. A method according to Claim 1, wherein a
plurality of said storage chambers are provided,
each storage chamber is connected to an external
gas supply source common to all the storage
chambers through respective gas-
composition/pressure regulating means, and further
each storage chamber is also communicated with a
common vacuum pump through respective pres-
sure regulating valves, whereby the total pressure,
oxygen partial pressure, carbon dioxide partial
pressure and the relative humidity of said con-
trolled atmospheres in the respective storage
chambers .are controllable independently of other
storage chambers.
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